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POPULAR AND PRACTICAL ENTOMOLOGY 

Tue CocKLEBuR BiLLBuc* 

BY F. H. CHITTENDEN, q 

U. S. Department of Agriculture. ‘ 

The excessive price of commercial oils during war times led to more ex- i 
tensive cultivation of oil-producing plants, such as the castor bean and sunflower. 
The seeds of the latter are cultivated in Kansas and neighboring States in the 

Middle West and the oil therefrom utilized for the manufacture of oil-cake for 

| lighting purposes, for woollen dressing, candle and soap-making. ‘The oil-cake q 

and seeds are useful foods for stock and poultry, and the seeds also for cer- 


a 


T Fig. 1—Rhodobaenus 13- punctatus: a, common form of beetle; b, head and beak of 
3 female; c, same of male—all enlarged. 


4 tain cage birds. Complaints have been made during recent years in regard to. t 
weevils which affect cultivated sunflower. For several years past the writer has. - 
had under observation a rhynchophorous larva which inhabits the stems, known 4 
as the cocklebur billbug (Rhodobaenus 13-punctatus Ill.). The following notes. a 
are submitted as of interest in connection with the growing of sunflower for . > 

commercial use. 

*Rhodobaenus tredecimpunctatus Ill.; family Calandridae; order Coleoptera. 
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August 16, 1905, Mr. Geo. H. McNeill sent specimens to the Bureau of 
Entomology in the adult and pupal stages from Jackson, Tenn., where the spec- 
ies was injurious, to. dahlia. All of his plants hat been attacked by the larvae, 
described as boring upwards through the pith of the ‘stem and then through the 
branches. This greatly injured the vitality of the plants, the stalks being weak- 
ened, and caused the plants to break down by their own weight. What few 
blooms were borne were small and inferior, and the plants were so badly infest- 
ed as to be of no value that year. _Pupae were seen as late as August 31. _Soon 
thereafter, this species came to the attention of Dr. E. G. Titus in its occurrence 
on sugar beet, there being evidence that the larvae could breed in seed-stalks. 
August 6, 1921, Mr. W. V. Reed, Assistant Entomologist, State of Georgia, sent 
this beetle from Atlanta, Ga., with statement that it was quite a pest on dahlias 
in that State. A few plants were injured by this insect in previous years, but 
that year it had done very considerable damage to dahlias. The weevil seemed to 
lay its eggs in the axil of the plant and the “grub” eventually killed the plant by 
boring the stem. August 16 our correspondent sent dahlia stalks showing the 
work of the larva within, stating that injury appeared to be worse when the 
dahlia stocks were more or less young and tender. In the older stalks it weakens 
them and lessens their vitality considerably. Larvae were about full grown at 
this time. 


THE BEETLE 


This insect is a gaily-colored red and black snout-beetle of the family Calan- 
dridae. As the scientific name indicates, it is ornamented with thirteen spots, 
arranged in typical-examples about as illustrated by figure 1, but individuals 
from the South commonly occur in which these spots become merged into bands. 
From our native corn billbugs (Sphenophorus) and their allies, to which this 
species is related, it may be distinguished at once by its color, its much more 
strongly curved beak, and differently shaped antennae. The beetle measures 
usually less than half an inch in length, but specimens vary from one-fourth to 
fully one-half of an inch. 


DISTRIBUTION 


’ The distribution is remarkably wide. It occurs from the Atlantic to the Gulf 
regions, and is about equally common on the Pacific Coast. It does not appear 
to inhabit territory north of the Transition life zone, and is common in Mexico 
and Central America, as also in Columbia, S. A. 

The beetles are somewhat free fliers, in which respect they differ from 
most known species of Sphenophorus. 

The first account of this species was by Riley in 1871.2 A short account 
was given by the same writer ten years later. In the latter the larval characters 
are briefly indicated. 


1--A dark variety, quinquepunctatus Say, occurs in Florida, in which there are only 
five spots, those on the thorax, and in which the elytra are wholly black on 
the disk. It is an exceedingly variable species, no hess that 22 synonyms and 
16 forms having been ame (Champion, Biol. Centr. Amer., Colleop., Vol. 
IV. pt. 7, pp. 149-150, 191 

2—Riley, C. V. T ird Missouri 1871. 

3—Report Comm. Agr. for 1881-82, p. 
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THe LarvA 


The larva (fig. 2) compared with Sphenophorus “has a more slender 
form, the anal segment is protuberant, armed with two blunt terminal spines; 
the head is broadly rounded, not vittate, mandibles bidentate, ligula emarginate, 
not ciliate; the ocelli occupy the same relative positions upon the front margin 
as in Sphenophorus, but are larger, convex, lenticular, with pigment spots plainly 
visible beneath.” In other respects the larvae of these two genera agree very 
closely, even to the folds of the body-joints and the — of the occipital de- 
pressions and bristles. - 


Fig. 2—Khodobaenus 13-punctatus jarva; a, lateral view; b, head and first thoracic 
segment; c, dorsal view of anal segment, enlarged. 


Foop AND OTHER Hasits 
In 1889, F. M. Webster‘ noted the occurrence of the larva in the pith of 
garden sunflower, the beetle developing September 8. 
In 1900 the writer published a note on pee insect and its occurrence in 
the vicinity of Washington, D. C.5 
This species breeds in the stems of various wild plants, chiefly Compositae, 
its known host plants include the Joe-Pye weed (Eupatorium), leaf-cup (Pol- 
vmnia), cocklebur (Xanthium), thistle (Cirsium), ragweed (Ambrosia), iron- 
weed (Vernonia), Silphium, wild and cultivated sunflower (Helianthus), and 


4—Insect Life, Vol. 1, eg; 1889. 
5—-Bul. 22, n. s., Div. . U. S. D. A., pp. 104-105, 1900. 
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ornamental dahlia. Its occurrence on sugar beet is exceptional. It is frequent- bs 
ly associated with other insects, notably with the clover stem-borer Languriu | q 
mozardi Latr.). 
The hibernated imagos appear in the District of Columbia in early May, 9% 

and although oviposition has not been observed, judging from analogy, the eggs % 
are deposited in holes which the female cuts in the stems while they are still 7 
young and tender. The larvae bore through the pith, and when mature form a 4 
fi 


cell in which they transform to pupae and afterward to adults. Newly-bred @ 


imagos occur from the middle of August until the first week of September. 


NaTuRAL ENEMIES. aa 
Two parasites of this species have been observed, the chalcidid Habrocytus 4 


rhodobaeni Ashm., reared by the writer from larvae from Rosslyn, Va., and des- 
cribed in 1896°, and an undescribed chalcidid. 


NOTES ON EXYRA SEMICROCEA GUEN. AND FORM. 
HUBBARDIANA DYAR. (LEPIDOPTERA) 


BY F. H. BENJAMIN, 
Agricultural College, Mississippi. 


While on an inspecting trip to southern Mississippi the author had the @ 


opportunity to view these interesting little Noctuid moths in their natural habitat. 


Twenty miles north of Gulfport, on the Dixie Highway, Professor Lob- 


dell, Mr. Langston and the author. were examining low lands with the idea of | 


attempting to ascertain the extent of damage to be anticipated to crops by cray- e. 


fish. 


known Pitcher Plant of our southern wet lands, which annually destroys vast 


Here, Sarracenia flava was present in vast numbers. This is the well 9a 


numbers of insects. The normal insect, entering the funnel shaped leaf, is unable } 
to find its way out, and is actually digested by the fluids in the bottoms of the J 
leaves. This is a most remarkable instance of plant specialization, but still more | 
remarkable is the fact that this plant has a set ef enemies belonging to the genus % 


of moths known as Exyra who are especially adapted throughout their entire life 


cycle to live within the “pitchers” of these plants. 


Unfortunately the author was unable to view the egg laying of these ¥ 
remarkable moths, but found every other stage, from minute larvae through © 


pupae to adults. Heretofore, these moths were not common in collections, as +" 
they apparently are not very much attracted to light. A light burned in a locality 
infested with the insects failed to attract any specimens. Most of the specimens r 
in collections have either been found accidentally, or carefully reared from larvae. ¥ 


The latter is a very arduous undertaking as the food-plant does not thrive well 7 


outside of the native wet acid soils in which it grows. 


All stages of the larvae were found within the “pitchers,” eating as a | 4 
usual thing only the protected inside tissue, and thus undoubtedly gaining a ie 
high degree of protection against natural enemies. Occasionally the leaf tissue 


6—Trans. Amer. Entom. Soc., Vol. XXIII, ip. 220, 1896. 
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was eaten through, but this appeared to be an accident, rather than the normal 
mode of feeding. When about half grown the larva constructs a web across 
the mouth of the leaf in which it lives. There is only a single individual to: a, 
leaf, although they do not appear to be carnivorous, and a number were success- 
fully carried in a tin box for several days. 

When ready to pupate, the larva forms a cocoon of frass and silk, in the 
slender part of the “pitcher”; having spun, just above this cocoon, a stiff web of 
silk which seems to be a very effective protection against disturbance from above. 
These stiff webs appear to be a sure indication of a pupating larva or pupa 
below. Before pupating the larva eats the leaf so that merely a shell of very 
thin tissue, in the form of a round spot, remains between it and the outside world. 
Is it to be concluded that the adult pushes its way through this thin shell? Cer- 
tainly the pupa does not do so, for it remains snugly within its cocoon, and is 


not found half way out of the plant, as is the case with the Cossidae. However, 


the front of the adult is in the shape of a sharp pointed cone, undoubtedly fitted 
for pushing its way through something, and it seems almost certain that this is 
the means of emergence to the outside world. 

- After the adult has emerged, and left the old “pitcher”, it seeks a new 
green “pitcher” for its hiding place. It never enters an old “pitcher” unless 
seeking an immediate hiding place from threatened danger, and then never if 
a fresh green “pitcher” be close at hand. It is very peculiar that these moths 
should always select the green leaves, from one to five adults being regularly 
found within each green “pitcher”. Almost every green “pitcher” had at least 
one moth restirig within it, whereas the only speciméns taken in old “pitchers” 
were moths which were frightened out of the green “pitchers” and entered the 
others to hide. 

About forty specimens were caught in the green “pitchers” in less than half 
an hour, surely an easy way to obtain a series which had heretofore been scarce in 
collections. 

The specimens found represented both the typical form and Dr. Dyar’s 
variety, hubbardiana. Not only were both forms found, together with all manner 
of intergrades, but also forms carrying the hubbardiana idea still further, until 
only the merest trace of any dark maculation was visible on the ground color. 
This aberration may be known asimmaculata, ab. nov. 

Type Locality: 21 miles north of Gulfport, Mississippi. 

Dates of Capture: 26th of June, 1921. 


Number and Sexes of Types: Holotype ¢, deposited as loan sitietad 
in the collection of Dr. William Barnes; 1 paratype, collection of author; 2 para- 
types, collection of Agricultural and Mechanical College, Mississippi. 


Mr. Mortimer L. Higgins, Washington, D.C., reports the capture of ap- 
proximately 100 specimens of the beetle Oxynemus histrina (Nitidulidae) on a 
single plant of the Stink Horn Fungus (Phallus impudicus). The capture of 
more than one or two specimens on a single plant is very rare, according to 
Schwarz, Barber and Leng, and the record therefore should be of interest to 
Coleopterists. 
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NOTES ON THE RELATIONSHIPS INDICATED BY THE VENATION 
OF THE WINGS OF INSECTS. 


BY G. C. CRAMPTON, 
Massachusetts Agricultural College, Amherst, Mass. 
(Continued from page 216) ; 
I have pointed out the close resemblance between the Zoraptera and the 
Psocids in several papers (Crampton, 1921 and 1922) and I would now definite- 


ly place the Zoraptera in the order Psocida, assigning to the Zorotypoidea the 7 


rank of suborder, or superfamily. The discussion of the origin of the Zorap- 
tera would therefore resolve itself into the question of the origin of the Psocids 
in general, since what applies to one branch of the Psocids applies to all. A com- 
parison of the wing of the Psocid shown in Fig. 32 with that of the Protorthop- 
teron shown in Fig. 34 would indicate that the Psocids and Protorthoptera are 
extremely closely related, and in all probability the line of descent of the Psocids 
branched off from the common stem of the Protorthoptera and Protoblattida. 
This view is in harmony with the fact that the wings of certain Psocids are 
suggestive of the type occurring in some Blattids (compare Fig. 65 with Fig. 64) 
since the Blattids also arose from the common Protorthopteron-Protoblattid 
stem, and much the same tendencies (i. e. the same genes, determinants, or fac- 
tors) could enter both the Psocid and Blattid lines of descent, having been in- 
herited from their common ancestry. The wings of the Zoraptera are quite 
suggestive of a relationship to the Isoptera (and the venation of other Psocids 
is rather faintly suggestive of Isopteron affinities) and this also would indicate 
that both Psocids and Isoptera were descended from ancestors very like the Prot- 
orthoptera (with the Protoblattida.) The resemblance between the wing of 
the Psocid shown in Fig. 32, and that of the Mixotermitoid shown in Fig. 13 


may be due to their mutual relationship to the Protorthoptera, but it is quite 


possible that the point of origin of the Psocid line of development may have 
been quite close to the point at which the Mixotermitoid line of development 
branched off from their Protorthopteron-like ancestors, and the resemblance 
would therefore be due to consanguinity, rather ‘than to “convergence.” The 
marked resemblance between the wings of such Psocids as Zorotypus and the 
Embiids (with the Plecoptera) has been discussed in several papers (Cramp- 
ton, 1921 and 1922) and, although both Zorotypus and the Embiids are closely 
related to the Protorthoptera, the resemblance between them is not due soiely 
to their mutual relationship to the Protorthoptera, but is due to a more direct 
relationship between the Psocids and Embiids (with the Plecoptera), and it is 
extremely probable that the line of descent of the Psocids branched off near 
the base of the common Protoblattid-Protorthopteron stem very close to the point 
of origin of the common ancestors of the Embiids and Plecoptera; and the in- 
sects related to the Blattids (with the Isoptera) “took their origin” very near 
this point also. 

The Psocids, Mallophaga, Pediculids, Thysanoptera, and Hemipteroid 
insects (i. e. Hemiptera and Homoptera) have been grouped in a single super- 
order, the “Panhomoptera,” and a study of the venation of the groups in ques- 
tion would lend weight to the correctness of this grouping. The Psocids were 
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evidently descended from ancestors very like the Protorthoptera, (with their, 
allies the Isoptera) and the Thysanoptera were apparently descended from an-- 
cestors resembling the modified descendant of the Protorthoptera shown in Fig. : 
35, as may be seen by comparing Fig. 33 with Fig. 35. The mutual resemb-: 
lance between the wings of certain Psocids and the Thysanoptera has been dis- 

cussed elsewhere (Crampton, 1922) and need not be described here, so that it - 
is not necessary to do more than call attention to the fact that the relationship 

between the Psocids and the Thysanoptera is more direct than through the 

mediation of their mutual relationship to the Protorthoptera (and the Orthop- 

terous descendants of the Protorthoptera.) The Pediculids are apparently quite 

closely related to the Mallophaga, {and Platypsyllid Coleoptera also) though 

both are wingless groups, and nothing is known of their more direct winged an- 

cestors, though both were doubtless derived from Psocid-like forms, as is in- 

dicated by their general body characters. The Mallophaga in particular are ex- 

tremely like Psocids in the character of their head structures, thoracic plates, 

etc., but they are also astonishingly like the members of the Coleopterous group 

Platypsyllidae in certain respects (and they also have certain features in com-- 
mon with the Hemimerid family of the Dermaptera.) If the Psocids, Dermap- 

tera and Coleoptera are all to be derived from Protorthopteroid ancestors, this 

complicated interrelationship of the Mallophaga to all of these orders is readi- 

ly comprehensible; but if this view is inadmissible, the resemblance between 

the Mallophaga and the Hemimerid Dermaptera, for example, must be regard- 

ed as a resuit of convergent development due to the selective action of similar 

environmental conditions (ectoparasitism. ) 

Judging from their general structure, the Thysanoptera are more closely 
related to the Hemipteroid insects than to the Psocids, but since the Psocids them- 
selves are quite closely related to the Hemipteroids the dual relationship of the 
Thysanoptera to the Psocids and to the Hemipteroids is quite readily comprehen- 
sible. The remarkable parallelism in the venation of a long series of Psocids and. 
Homopterous Hemipteroid insects has been discussed in a previous paper (Cramp-. 
ton, 1922) and the Psocids parallel the Homoptera so closely that it would be very 
appropriate to designate the Psocids as “Parahomoptera” rather than as “Psocop- 
tera,” as is done by certain recent entomologists—especially since all of the Psocop- 
tera are not Psocus-winged (e. g. the wings of Embidopsocus are nothing like 
those of Psocus) and the designation “Psocoptera” is not at all appropriate for 
such Psocids as these, while even Embidopsocus parallels the venation of certain. 
Homoptera, as was pointed out in the article referred to above. 

Since the wings of the Psocids parallel those of the Homoptera so re- 
markably closely (apparently due to the inheritance of many common genes, de- 
terminants or factors from a common source) we would expect that if the Pso- 
cids were dérived from ancestors closely related to the common Protorthopteron- 
Protoblattid stem, the Homoptera would also be derived from ancestors 
extremely similar to these forms, and indeed, certain Homopterous wings are 
very suggestive of those of certain Protorthoptera, while sucha Homopterous wing 
as the one shown in Fig. 58 approaches quite closely that of the descendant of 
the common Protorthopteron-Protoblattid stem shown in Fig. 59, and a surpris- 
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ingly large number of anatomical features of Hemiptera are “Blattoid.” In H 
fact, it would be quite impossible to derive such a type as the Homopterous 3 

wing shown in Fig. 58 from that of Eugereon (Fig. 41) which is supposed to rep- x 
' ___ fesent the type ancestral to the Homoptera and Hemiptera (Heteroptera), so 4 
that it is much more probable that the ancestors of the Homoptera and Hemip- a 

‘tera were very like the common Protorthoptera-Protoblattid stem, and the com- a 
mon ancestors of the Homoptera and Hemiptera apparently arose at the point a 
where the common stock of the Protorthoptera and Protoblattida began to di- 3" 

% ‘verge from the Palaeodictyoptera, and Eugereon doubtless branched off from a 
, ‘the same point, or very near it. Eugereon, however, is more like the Palaeo- o2 


‘dictyoptera (compare figs. 41 and 30), and it possibly may be regarded as — 
a specialized Palaeodictyopteron. In stressing the close relationship of the primi- 
tive Homoptera to the common Protorthopteron-Protoblattid stock, I would not 
minimize the fact that the Homoptera have also taken over traits from the 
Palaeodictyoptera into their line of development, but these are to be regarded 
more as persistent features coming up from the common stock which gave rise 4 
to both Palaeodictyoptera and the Protorthoptera-Protoblattida—and the Hom- 4 
optera apparently arose at the point where these two lines began to diverge from : 
their common ancestry. The line of development of the Megasecoptera also ap- 

parently branched off near this point, so that the ancestors of the Homoptera were = 
doubtless related to the Protoblattid-Protorthopteron stock, and to the Megase- + 
coptera, Protohemiptera and Palaeodictyoptera as well. The line of development 
of the Hemipteroids,-however, apparently parallels that of the Protoblattid-Prot- 
orthopteron stem and the forms descended from it such as the Psocids, etc. 
and the Hemipteroids also approach the Neuropteroid types (which were deriv- q 
a ed from a similar source) in many respects. q 


The Psocids, and their allies the Hemipteroids, etc., parallel the Neurop- 
teroid insects quite closely in many respects, as was mentioned above, and I am 
convinced that this parallelism is due to the inheritance of the same genes, de- 
terminants or factors (albeit these are modified by differing factors in the differ- 
ent orders) from a common source, rather than that the marked resemblance 

_ between the forms in question is due to “convergence” (i. e. the similarity is the 
% result of consanguinity rather than to the operation of similar environmental 
“% influences). The resemblance between the wings of the Homoptera and the 
&s Lepidoptera is well known, and the similarity between the wing of the Psocid 
shown in Fig. 32 and that of the Lepidopteron shown in Fig. 54 is unmistakable. 
The resemblance between the Psocid shown in Fig. 32 and the Trichopteron 
shown in Fig. 25 is quite marked, and the resemblance between the Psocid, 
Homopteron and Trichopteron wings shown in Figs. 40, 39 and 38 is very strik- 
ing, as is also the resemblance between the wing of the Homopteron shown in 
Fig. 36 and the Trichopteron shown in Fig. 37 (or the Mecopteron shown in 
Fig. 52). The most instructive and important resemblance, however, is that 
between the Psocid shown in Fig. 65 and the Hymenopteron shown in Fig. 66, 
and when these two wings are compared together, and that of the Hymenopteron A 
‘shown in Fig. 66 is compared with the Homopterous wing shown in Fig. 68, it 7 + 
‘would appear very probable that the veins interpreted as the fourth and fifth 
ey - “branches of radius in the sawflies, are merely cross veins between the radial 
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sector and media. Similarly, a comparison of the median and cubital veins in 
Figs. 66 and 65 would suggest a different interpretation of these veins in the 
sawflies than the one usually accepted. ‘The venation of certain Psocids (Fig. 
40) is very suggestive of that of certain Neuroptera (compare Fig. 40 with Fig. 
51; Fig. 31 with Fig. 28, etc.) and Coleoptera, as is also true of certain Homop- 
tera. From the foregoing, it should be quite evident that the lines of descent of 
the Psocids and their allies the Homoptera, parallel the lines of descent of the 
insects descended from Neuroptera-like forbears, quite closely, and the forms 
allied to the Psocids were probably derived from a common source with the 
4 Neuropteroid insects (i. e. from Protorthoptera-like forbears.) 


I have grouped the Neuroptera, Coleoptera, Strepsiptera, Hymenoptera, 
Mecoptera, Diptera, Siphonaptera, Trichoptera and Lepidoptera into a super- 
order called the “Panneuroptera,” which corresponds to the Holometabola, or 
to the Endopterygota of various investigators, and I have here retained the 
term Panneuroptera merely for the sake of a uniform method of designating 
the superorders in general. Although the body structures of the adult Coleoptera 
and Hymenoptera are somewhat more primitive than those of the Neuroptera 
in general, the Neuroptera have nevertheless retained the wings in a condition 
more closely approximating the original state for the superorder as a whole, 
and since the members of-the superorder Panneuroptera were all evidently de- 
rived from the same (or nearly the same) source, the venation of the Neurop- 
tera may be used to illustrate the origin of the members of the superorder in- 
dicated by a study of their wings—which are the only features sufficiently well 
preserved to compare the structures of their fossil precursors with those of 
their modern descendants. The wing of the Neuropteron shown in Fig. 53 is 
strikingly like that of the Palaeodictyopteron shown in Fig. 56, and the ancestors 
of the Neuroptera were undoubtedly like the Palaeodictyoptera in many re- 
spects—but this is not the whole story, since the Neuropteron shown in Fig. 
20, for example, exhibits many Protoblattid and Protorthopteran features (com- 
pare it with Figs. 11, 15, 19, etc., or Fig. 53 with 55, etc.) which cannot be 
passed over in silence. The only logical explanation for this dual resemblance 
in fundamental details, is that the line of development of the Protorthoptera- 
Protoblattida began to diverge from that of the Palaeodictyoptera, as both em- 
erged from their common ancestral group, which in turn was derived from an- 
cestors which combined in themselves the primitive characters of the Palaeo- 
dictyoptera, Protodonata, etc. Not only did the Neuroptera arise at the point 
where the Protoblattida-Protorthoptera began to diverge from the Palaeodicty- 
| optera, but the ancestors of the Isoptera doubtless also arose at or very near 
| - this same point (as is also true of the origin of the lines of development of sev- 
¥ eral. other forms, such as the Plecoptera, the Megasecoptera, and probably the 
Synarmogoida, and even the common ancestors of the Hemiptera-like forms) 

and this doubtless accounts for the fact that the neuration of such a Neuropteron 

as the one shown in Fig. 16 resembles that of the Isopteron shown in Fig. 12 

so closely (if the form in question is really a Neuropteron as Handlirsch and 

Pal others claim) since all of these have inherited many genes, determinants or fac- 
r + tors from a common source, and this causes their lines of development to paral- 
i Iel each other very closely. Whether this explanation is valid or not, the fact 
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remains that the lines of development of the Neuroptera and their immediate rela- 
tives very closely parallel those of such insects as the Protorthoptera, which were 
descended from the common Protoblattid-Protorthopteran stock, and the explana- 
tion given above is as logical as any, since it takes all of the known facts of 
comparative anatomy into consideration, and none of these facts would militate 
against this view. 


The Dermaptera were apparently descended from the common Protor- 
thopteran-Protoblattid stem, and their line of development parallels that of the 
Protorthoptera and the Orthoptera remarkably closely. Similarly, the wings of 
certain Coleoptera are strongly suggestive of those of certain Protorthoptera 
(e. g. Probnis speciosa). 1 do not find much support, however, in the study of 
the known types of wings in the two groups for my contention that the Coleop- 
tera and Dermaptera are very closely related (which is based upon a comparison 
of the general structures of the body), although I feel certain that the relation- 
ship between the Coleoptera and the Dermaptera is much more intimate and 
direct than through the intermediation of their mutual relationship to the Or 
thoptera and the Protorthoptera. ‘The larvae of the Coleoptera are so like. those 
of the Neuroptera that I have been unable to find any character which will un- 
failingly distinguish between the two in every case, and the venation of the 
Coleoptera (fig. 72) is certainly in harmony with the view that the Coleoptera 
are extremely closely related to the Neuroptera* (fig. 69) —and the usually 
accepted view that the Holometabola are a natural assemblage is apparently cor- 
rect. Since the Coleoptera are the next of kin to the Neuroptera and Hymen- 
optera, the line of development of the Coleoptera (which branched off at the 
base of the common Holometabolous stem), like that of the Neuroptera, should 
arise at the point where the line of development of the Protorthoptera-Protoblat- 
tida began to diverge from that of the Palaeodictyoptera, but I have not been 
able to find any Palaeodictyoptera which approach the Coleoptera remarkably 
closely in their wing venation, and the line of development of the Coleoptera 
must apparently be regarded as paralleling that of the descendants of the. origin- 
al Protorthopteran-Protoblattid stock on the one side, and the Holometabola on 
the other—with their closest affinities with the Holometabola in general and the 
Neuroptera and Hymenoptera in particular. The relationship of the Coleoptera 
to the Psocids and Homoptera, or to the Plecoptera and Embiids, is not readily 
apparent from a comparison of the wings available for study (although such 
Psocids as Sphaeropsocus kuenowi, for example, resemble the Coleoptera in some 
respects) and the relationship of the Coleoptera to these forms (and to the Blat- 
tids and Isoptera as well) can be more profitably discussed with other features 
than the wing veins. 

The resemblance between the wings of the Hymenoptera and the Psocids 
and Homoptera (compare Figs. 66 and 65) has already been discussed (as has 
also the resemblance between the wings of certain Neuroptera and Psocids), 
but the closest affinities of the Hymenoptera as indicated by their wing venation 


“Since the foregoing was written, Dr. Forbes has shown me some of his figures of 
Coleopterous venation which very clearly indicate a close relationship between 
the Coleoptera and the Neurcptera, and he also called my attention to the 
fact that Fig. 72 which was based upon a figure by Handlirsch, does not 
accurately represent the conrition of the cross veins etc., in-Omma, 
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(Figs. 66 and 67) in addition to other features, lie with the: Neuroptera (Figs. 
69 and 51) and Coleoptera (fig. 72). ‘The evidence of the venation etc., might 
therefore be taken to indicate that the Hymenoptera, with the Neuroptera and 
Coleoptera, arose from ancestors whose lines of descent sprang from the point 
where the common Protorthopteran-Protoblattid stem began to diverge from 
the Palaeodictyoptera (although no Palaeodictyopterous types which approach 
the Hymenoptera very closely have yet been found—though the Palaeodicty- 
optera approach the Hymenoptera’s near relatives, the Neuroptera, very closely), 
and the line of descent of the Hymenoptera parallels that of the Psocids and 
other forms descended from the common Protorthopteran-Protoblattid stock on 
the one side, and the Holometabolous types on the other—with their closest affini- 
ties with the Holometabola in general, and the Neuroptera and Coleoptera* in 
particular. ‘The Coleoptera, Neuroptera and Hymenoptera appear to be the most 
primitive representatives of the Holometabola, and of these, the Coleoptera are 
a rather aberrant group not as closely related to the higher Holometabola as 
the Neuroptera and Hymenoptera are, in certain respects. ‘The ovipositor of 
such Hymenoptera as X yela is astonishingly like those of the Neuropteron Raphi- 
dia, but the genitalia of male sawflies are extremely like those of male Mecoptera 
and Diptera (and somewhat less like those of male Trichoptera and Lepidop- 
tera). The Hymenoptera are a cerci-bearing group, while the Neuroptera are 
not, and the larvae of sawflies are rather more suggestive of those of the Trich- 
optera and Mecoptera which are cerci-bearing groups, so that in these and cer- 
tain other particulars, the Hymenoptera appear to lead to the Mecopteroid Holo- 
metabola (i. e. the Mecoptera, Diptera, Siphonaptera, Trichoptera and Lepidop- 
tera), but on the whole, I am somewhat more inclined to regard the Neuroptera 
as slightly nearer the precursors of the Mecopteroid Holometabola than the 
Hymenoptera are. The venation of the wings of certain Homoptera is extreme- 
ly like that of certain Hymenoptera (as has been mentioned before) and the ovi- 
positor and terminal segments of a Cicada are extremely like those of the Hym- 
enopteron Sirex, for example; similarly, the wings of the Psocids are very like 
those of certain sawflies (as was mentioned before) and the general characters. 


of the Psocids are very suggestive of affinities with the sawflies (and their rela- 
tives the Neuroptera). There are also resemblances between the Hymenoptera f 
and the Embiids (with their relatives the Plecoptera) ; and the Blattids, and 
their relatives the Isoptera, are apparently extremely like the ancestors of the 
| Hymenoptera. How can we account for this complicated interrelationship in- 

dicated by many features of the body, and supported by the evidence of the 
wing-venation as well? The only satisfactory answer so far as I can see, is to 
admit that all of these forms arose from ancestors occupying a position at or 
near the point where the common Protorthopteran-Protoblattid stem began to 
diverge from the Palaeodictyoptera. This view would be supported by the evi- 
dence of the wing-venation, and would be in harmony with a great number of 
facts which cannot be explained on any other grounds, so that in the absence of any 


*The head capsule, neck plates, terga, ovipositor, etc., of certain Hymenoptera are 

astonishingly like those of certain Neuroptera, while the mouthparts, male 
genitalia, etc., of the Hymenoptera are more like those of the Coleoptera, 
‘ and the same is true to some extent, of the wings. 


‘ 
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known facts which would tend to controvert it, I feel that we are sate i adopt- 
ing this view. 

As was mentioned above, the Mecopteroid Holometabola (i. e. the Mecop 
tera, Diptera, Siphonaptera, ‘Trichoptera and Lepidoptera) are slightly more 
closely related to each other than they are to the Neuropteroid Holometabola 
(i. e. the Hymenoptera, Neuroptera and Coleoptera), and their closest affinities are 
possibly with the Hymenoptera and Neuroptera, while the Coleoptera are slight- 
ly further removed from them in many anatomical features. ‘Tillyard, 1919, 
‘seems to be inclined to regard the Mecoptera as the nearest living representatives 
of the types ancestral to the Holometabola in general, but from a study of the 
general anatomy of the forms in question, I am more inclined to regard the 
Coleoptera, Neuroptera and even the Hymenoptera, as more primitive (anatomi- 
cally) than any Mecoptera I have studied, although everyone who has gone in- 
to the matter at all deeply will readily admit that the Mecoptera have remained 
as primitive as any of the higher Holometabola (i. e. the Diptera, Lepidoptera, 
‘Trichoptera, etc.) in most of their external features at any rate. 


Tillyard, 1919, would derive the primitive Lepidopterous venation shown in 
Fig. 54 and the primitive ‘Trichopterous venation shown in Fig. 37, from that of 
the insect shown in Fig. 52, which he calls a “‘Paramecopteron” ; and he would de- 
rive the primitive Dipterous venation shown in Fig. 61, from that of the insect 
shown in Fig. 60, which he calls a “Paratrichopteron.” If the “Paramecoptera” 
and “Paratrichoptera” of Tillyard actually represent distinct orders (which I ser- 
iously doubt) it would-be preferable to call the insect shown in Fig. 60 a “‘Para- 
mecopteron” (instead of a “Paratrichopteron”) since its venation is so nearly 
identical with that of other Mecoptera (such for example as the one shown in 
Fig. 57) that it does not seem worth while to place it in a distinct order from the 
Mecoptera, especially since the wings are the only anatomical features known. 
Similarly, it would be preferable to call the insect shown in Fig. 52 a “Para- 
trichopteron” (instead of a “Paramecopteron”’) if it is to be considered. as rep- 
resenting a distinct order, since its venation parallels that of the Trichopteron 
shown in Fig. 37, for example. The insect shown jn Fig. 52, however, is so 
much like the insects which Tillyard calls “Protomecoptera” and the primitive 
Mecopterous types, that I am inclined to regard it also as a primitive representa- 
tive of the order Mecoptera. If the view that the so-called “Paramecoptera” 
and “Paratrichoptera” are merely types of Mecoptera is correct, Tillyard’s deri- 
vation of the Lepidoptera, Trichoptera, and Diptera is quite in accord with the 
views of others who have also derived the Lepidoptera, Trichoptera and Diptera 
from Mecopterous, or Mecoptera-like forbears. I cannot help but feel, however, 
that the ancestors of the Trichoptera, Lepidoptera, Diptera, etc., were not pure 
Mecoptera alone, but that the ancestors of some of these at least, were more 
of the nature of the common ancestors of the Mecoptera and Neuroptera (with 


the Hymenoptera.) Thus, for example, the primitive type of Lepidopterous. 


wing shown in Fig. 54 might very readily be derived from a type of wing essen- 
tially like that of the Neuropteron shown in Fig. 51 (and many features of 
the body in general would bear out this assumption), and certain features of 
the Diptera, for example, point to a very close relationship between them and 
the Neuroptera (with the Hymenoptera ) as well as the Mecoptera, and many 
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other facts would indicate that the ancestors of the higher Holometabola were 
pre-Mecopterous forms combining in themselves Mecopterous, Hymenopterous, 
and Neuropterous features, rather than that the ancestors of the higher Holo- 
metabola were simple Mecoptera. Insects which have retained certain anatomical 
features in.a primitive condition are frequently fairly highly specialized in other 
anatomical features, and until more is known of the general anatomy of Belmon- 
tia, it would be unwise to attempt to derive all of the higher Holometabola from 
the insect whose wing is shown in Fig. 52, especially since a study of the body 
in general (e. g. head and mouthparts of Micropterygid Lepidoptera, etc.) would 
point to an ancestry for many of the higher Holometabola in fornis which are 
fundamentally more primitive than the Mecoptera (to which group | believe 
that the insect shown in Fig. 52 belongs.) The line of development of the Dip- 
tera parallels that of the Mecoptera remarkably closely, and the two apparently 
merge as we trace them back to a common source, and in the same way, the 
line of development of the Lepidoptera parallels that of the Trichoptera remark- 
ably closely, and these two lines of descent also appear to merge as we trace 
them back to their common ancestry. The lines of descent of the higher Holo- 
metabola mentioned above, parallel each other extremely closely, and as we 
trace them all back to their common source, they are joined by the lines of des- 
cent of the Hymenoptera, Neuroptera, etc., and all of these apparently lead back 
to ancestors occupying a position at or near the point where the common stem 
of the Protorthoptera and Protoblattida began to diverge from the Palaeodicty- 
optera. Since the lines of development of the Psocids and Homoptera arose 
at the same point, both of these groups could readily exhibit characters in com- 
mon with the Lepidoptera and Trichoptera, having inherited the same tenden- 
cies from their common ancestry—and the Protorthoptera have apparently re- 
tained more of the characters of this common ancestry than any other group 
of insects. It would be possible to group the higher Holometabola (i. e. the 
Mecoptera, Diptera, Lepidoptera, Trichoptera, etc.) in a superorder (Panme- 
coptera) distinct from the lower representatives of the Holometabola, but it is 
preferable to group them all in a single Holometabolous group (Panneuroptera) 
including the Neuroptera, Coleoptera, etc., as well. 


The Strepsiptera are a type of Holometabolous insects whose affinities are 
rather difficult to determine, although the usual view that they are closely re- 
lated to the Coleoptera is doubtless correct. There are a few points of resem- 
blance between the wings of the Strepsiptera and those of certain Trichoptera. 
as may be seen by comparing Fig. 74 with Fig. 73, and in their general anatomy 
they also exhibit some Hymenopteroid features. Many features of the body 
(particularly of the abdominal region) of the Hemipteroid insects are extremely 
suggestive of a relationship to the Strepsiptera, and the wing of the Hemipteroid 
insects shown in Fig. 75 resembles that of the Strepsipteron shown in Fig. 74 
in some respects, while the venation of the Hemipteroid insect shown in Fig. 
71 is even more similar to the Strepsipteron shown in Fig. 74. The Psocids also 
approach the Strepsiptera in certain features. The venation of the Coleopterous 
wing shown in Fig. 70 is somewhat suggestive of the Strepsiptera (Fig. 74), but 
the resemblance is not very striking, and the relationship between the Strepsiptera 
and the Coleoptera is better illustrated by the character of the larvae, and cer- 
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tain features of the adult anatomy.. The wing of the modified descendant of 
the Protorthopteran-Protoblattid stem shown in Fig. 48 exhibits certain features. 
suggestive of a relationship to the Strepsiptera (Fig. 74), but it is quite possible 
that any resemblance between the venation of the Strepsiptera and Dermaptera 
is due to their mutual relationship to the Coleoptera—for I still believe that 
the Coleoptera are closely related to the Dermaptera as well as to the Neuroptera, 
since they are anatomically intermediate between the two in their general body 
structures, although the wings available for comparison do not show this very 
strikingly. It is very probable that the line of development of the Strepsiptera 
branched off near the base of the Coleopteron stem, and took over in its line 
of development certain features inherited from the ancestors of the Coleoptera, 
which occupied a position close to the common stem of the Protorthoptera and 
Protoblattids, and were therefore related to the Dermaptera also, since these 
branched off from the common Protorthopteran stock at the point where the 
line of development of the Coleoptera arose. Any resemblance between the 
Strepsiptera and the Hemipteroid insects, is possibly due to the inheritance of 
common factors from their forbears in or near the common Protorthopteran- 
Protorblattid stock from which they all arose, although the resemblance between 
the Strepsiptera and Trichoptera is apparently due to a more direct connection 
than through the intermediation of the Protorthopteroid forms. 


The foregoing facts may be briefly summarized as follows. Of the 
higher insects, the Mecoptera, Diptera, Siphonaptera, Trichoptera and Lepidop- 
tera are extremely closely related, as are the Neuroptera, Coleoptera (with the 
Strepsiptera?), and Hymenoptera, and all of these insects form a natural group 
of Neuropteroid insects comprising the superorder Panneuroptera (also called 
Sialomorpha or Sialoformia) corresponding to the Holometabola or Endoptery- 
gota of entomologists in general.) Of the remaining higher insects, the Psocids 
(Parahomoptera), which are here regarded as including the Zoraptera as a sub- 
order or superfamily of the Psocids, the Mallophaga (Lipoptera), and Pedicu- 
lids (Ellipoptera), are quite closely related, and the Hemiptera, with the Homop- 
tera, are quite closely related to the Thysanoptera, and all of these have been 
grouped in a Hemipteroid or Psocid superorder called the Panhomoptera (also 
called the Psocomorpha or Psociformia). The lines of development of these 
Neuropteroid and Psocid superorders parallel one another so closely (due to the 
inheritance of many factors in common from their forbears, which occupied 
a position intermediate between the Protoblattid-Protorthopteran stock and the 
Palaeodictyoptera) that it has seemed advisable to group them all in a larger 
subdivision of winged insects called the “Neuropteradelphia,’ which comprises 
all of the so-called higher insects. In most of these “higher” insects, the fore 
wings are larger than the hind ones, and most of them exhibit no marked tenden- 
cy toward development of an anal fan. Wings held along abdomen when at rest. 

The Blattids (Palaeoptera) and Mantids (Eudictyoptera) are so closely 
related that they are placed in a single order called the “Dictyoptera” (a term 
originally applied to the Neuroptera and Odonata) by some recent investigators, 
and it is largely a matter of personal preference whether they are divided into 
two orders, or are grouped into one, although if their immediate relatives, the 
Isoptera, are regarded as a distinct order, they also may be regarded as represent- 
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ing two distinct orders. The Blattids, Mantids, and Isoptera have been grouped 
into a Blattoid superorder, called the Panisoptera (Blattomorpha or Blattiformia), 
and the Protoblattids (Propalaeoptera) are also placed in this superorder provi- 
sionally. ‘The saltatorial Orthoptera (with which the Grylloblattids may be in- 
cluded) are extremely closely related to the Phasmids (Cheleutoptera), and, 
with the Dermaptera, these three types have been grouped into an Orthopteroid 
superorder called Panorthoptera (Gryllomorpha, or Grylliformia.) The Protor- 
thoptera are so closely related to the Orthoptera, that they might also be includ- 
ed in this superorder. If the Protorthoptera are grouped with the mem- 
bers of the Orthopteroid superorder, and the Protoblattids are grouped 
with the Blattoid superorder, it is evident that the lines of development of the 
lowest representatives of the two superorders (i. e. the Protoblattids and Protor- 
- thoptera) quickly merge as we trace their lines of descent a little further back, 
and this might be taken to indicate that it is preferable to combine the two super- 
orders into a single Orthopteroid superorder (Panorthoptera.) ‘The Plecoptera 
and Embiids (Platyptera) are so closely related that they have been grouped 
in a Plecopteroid superorder called the Panplecoptera (Perlomorpha or Perli- 
formia), and the fossil Hadentomoids (Proplatyptera) might also be grouped in 
this superorder, but it is preferable to wait until more is known of these fossil 
forms before attempting to determine definitely where to place them. ‘The Blat- 
toid, Orthopteroid and Plecopteroid superorders are so closely related that it 
is advisable to group them into a division of winged insects called “Orthoptera- 
delphia.” In the members of this group, the fore wings are usually smaller than 
the hind wings. There is a tendency toward development of an anal fan, and 
the wings are capable of being folded along the abdomen. 


The Ephemerida (Archiptera or Plectoptera) have preserved in their “lar- 
val” stages, certain features which indicate that they are among the most primi- 
tive of living Pterygota, and with the Odonata (Pseudoneuroptera or Paraneur- 
optera) they constitute a primitive group of insects which branched off from 
the Pterygotan stem at an early period, to follow their own paths of specializ- 
ation. Although the Ephemerids are not as closely related to the Odonata as 
might be expected from certain resemblances to the Thysanoura, which both ex- 
hibit, the Ephemerids and Odonata, may be grouped in the Ephemeroid super- 
order Panarchiptera (Ephemeromorpha or Ephemeriformia), for the sake of 
convenience. The Protodonata would also be included in this superorder, since 
they appear to be merely primitive Odonata, hardly worthy of ordinal rank. 
The Protephemerida (Protarchiptera) are so closely related to the Ephemerids 
' that they might possibly be placed in the same superorder with them, but it is 
preferable to wait until more is known of the fossil forms before attempting to 
group them definitely. The Palaeodictyoptera were formerly placed in the Eph- 
emeroid superorder, but it is preferable to place them in a Palaeodictyopteroid 
superorder (Panpalaeodictyoptera) which would probably also include the Syn- 
armogoida etc., but so little is known of the fossil forms, that much more in- 
vestigation is needed before we are able to group them definitely. The Ephemer- 
oid superorder and the Palaeodictyopteroid superorder constitute the division 
of winged insects called “Archipteradelphia.’” ‘The wings of the members of 
this division tend to remain subequal in size, and are usually incapable of being 
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folded along the body (i. e. are held out from the body when at rest.) True 
anal fan lacking in practically all of these insects. 

If we were able to make a detailed study of the immediate precursors 
(or even the earliest representatives) of the various orders of living insects, 
they would doubtless exhibit so many features in common, that it would be ex- 
tremely difficult to separate them into well defined superorders, and even when 
we are dealing with living insects alone, the persistence of “synthetic” types, 
or forms annectant between several orders, makes it very difficult to determine 
the group with which the forms in question have their closest affinities. The 
wings of some of the fossil forms sufficiently well preserved for study, combine 
in themselves so many features common to a large number of recent orders, 
that when these fossils are included in any grouping of insects into superorders 
or larger divisions, these groupings are found to intergrade because of the fact 
that some of these intermediate fossil forms might as readily be included in one 
group as another, and it is only when we restrict our consideration to living 
forms alone, that the superorders and divisions are at all clearly defined. In 
fact. it would be entirely possible to use a different method of grouping insects 
than the one proposed above, but the grouping of winged insects into the higher 
orders (Neuropteradelphia), lower orders (Orthopteradelphia) and archaic forms 
(Archipteradelphia) emphasizes the fact that the lines of development of some 
“hang together for a longer time ” than others do, in “travelling along the road 
to specialization,” and I have attempted to give expression to the same idea in 
grouping the members of these divisions into superorders. 


DERMAPTERA 


LATTIDS-MANTIDS 


ISOPTERA 


“PRODICTYOPTERA” 
B 
py PLECO, 
Diop, 


‘ARCHAIC PTERYGOTA LOWER PTERYGOTA HIGHER PTERYGOTA 


The appended diagrams will serve to illustrate graphically the lines of ° 
descent of the principal orders of winged insects, which have been represented in 
three groups for the sake of simplicity, since if all were given in one figure, 
there would result a confusing crossing of lines, since the various lines of des- 
cent converge from three different directions forming a “bush-like” figure repre- 
sented as though drawn “in three dimensions,” and it is preferable to simplify such 
a figure by giving its component parts in three sections, as represented in the dia- 
grams. The “Prodictyoptera” are the common ancestors (or common stem) of 
the Protorthoptera and Protoblattids; the designation “Prodictyoptera” is used 
for the sake of, brevity in the diagrams. ; 
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ABBREVIATIONS. 
. .-.Costal vein; Sc. ...Subcostal vein; Rs. ...Radial sector; R,, R,, R,, Ry, 
and R,..Branches of Radial Vein; M,, M,, M, and M,..Branches of Median 
~ vein; Cu. ...Cubital veins; A. ...Anal veins. * 
a EXPLANATION OF PLATES. 
Fig. 1. Forewing of fossil Megasecopteron Corydaloides scudderi, redrawn from 
Handlirsch, 1908. 
Fig. 2. Forewing of fossil Orthopteron Locustopsis elegans, redrawn from 
Handlirsch, 1908. 
Fig. 3. Forewing of fossil Synarmogoidan Synarmoge ferrarii, redrawn from 
Handlirsch, 1920. 
Fig. 4. Forewing of fossil Sypharopteroidan Sypharoptera pnewma, redrawn 
from Handlirsch, 1920. 
Fig.5. Forewing of fossil Protorthopteron (?) Elcanopsis sydenienis, redrawn 
from Tillyard, 1918. | 
Fig.6. Forewing of Protorthopteron Limopterum ornatum, redrawn from 
Handlirsch, 1920. 
Fig. 7. Forewing of fossil Reculoidan Recula parva, redrawn from Handlirsch, 
1920. 
Fig. 8. Forewing of Plecopteron Jsogenus sp., redrawn from Comstock, 1918. 
Fig.9. Forewing of fossil Hapalopteroidan Hapaloptera gracilis, redrawn from 
Handlirsch, 1920. 
Fig. 10. of fossil Mantid Petromantis rossica, from Hand- 
lirsch, 1908. 
Fig. 11. Forewing of fossil Protorthopteron Gvrophlebia longicollis, redrawn 
from Handlirsch, 1920. 
ig. 12. Forewing of Isopteron Hodotermes mossambicus redrawn from Hand- 
lirsch, 1908. 
Fig. 13. Forewing of fossil Mixotermitoidan Geroneura wilsoni, redrawn from 
Handlirsch, 1908. 
Fig. 14. Forewing of fossil Mantid Palaeomantis schmidti, redrawn from Hand- 
lirsch, 1920. 
ig. 15; Forewing of fossil Protoblattid Protophasma dumasi, redrawn from 
Handlirsch, 1920. 
Fig. 16. Forewing of fossil Neuropteron (?) reer inraies excelsus, redrawn 
from Handlirsch, 1908. 
Fig. 17. Forewing of fossil Mixotermitoidan Mirotermes ligawensis, redrawn 
from Handlirsch, 1908. 
Fig. 18. Forewing of Embiid Donaconethis abyssinica, redrawn frons: Comstock, 
1918. 
Fig. 19. Forewing of Sonsil Protorthopteron Spaniodera ambulans, redrawn from 
Handlirsch, 1920. 
Fig. 20. Forewing of fossil Neuropteron N ymphites braueri, redrawn from 
Handlirsch, 1920. 
Fig. 21. Forewing of fossil Hadentomoidan Hadentomum americanum, redrawn 
from Handlirsch, 1920. 
Fig. 22. Forewing of Plecopteron Zelandobius confusus, redrawn from Tillyard. 
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Fig. 23. Hindwing of fossil Protoblattid Eucaenus ovalis, redrawn from Hand- 
lirsch, 1920. 


Fig. 24. Hindwing of fossil Protoblattid Protophasma dumasi, redrawn from 
Handlirsch. 


Fig. 25. Forewing of Trichopteron Beraeodes minuta, redrawn tiding Ulmer, 1907. 


Fig. 26. Hindwing of Isopteron Mastotermes darwinensis, redrawn from Com- 


stock, 1918. 
Fig. 27. Hindwing of Mantid Metalleuctra splendida, redrawn from Handlirsch, 
1908. 


Fig. 28. Forewing of Neuropteron Coniocompsa vesiculigera, redrawn from: 


Enderlein, 1908. 


Fig. 29. Hindwing of fossil Protorthopteron Sthenaropoda fischeri, redrawn from 
Handlirsch, 1920. 


Fig. 30. Forewing of fossil Palaeodictyopteron Bonethilus fossilis, redrawn 


from Handlirsch, 1908. 
Fig. 31. Forewing of Psocid Archipsocus brazilianus, redrawn from Enderlein. 


Fig. 32. Forewing of Psocid Amphientomum paradoxum, redrawn from Tillyard, 
1918. 


Fig. 33. Forewing of fossil 'Thysanopteron Palaeothrips fossilis, redrawn frosts 


Scudder, 18go. 


Fig. 34. Forewing of fossil resoitngesan Lepium elongatum, redrawn from _ 


Handlirsch, 1920. 

Fig. 35. Forewing of Orthopteron Diaiistanad ornata, redrawn from Handlirsch, 
1908. 

Fig. 36. Forewing of Homopteron Dictyophora europaea, redrawn from Hand- 
lirsch, 1908. 

Fig. 37. Forewing of Trichopteron Ryacophila, redrawn from several sources. 

Fig. 38. Forewing of Trichopteron Chaetopteryx villosa, redrawn from Tillyard, 


1919. 
Fig. 39. Forewing of Homopteron Bothriocera prosignoretti, redrawn trons Met- 
calf, 1913. 


Fig. 40. Forewing of Psocid Calopsocus infelix, redrawn from Enderlein, 1903. 

Fig. 41. Forewing of fossil Protohemipteron Eugereon boeckengi, redrawn from 
Handlirsch, 1920. 

Fig. 42. Hindwing of Blattid Periplancta australasiae, redrawn from Handlirsch, 
1908. 

Fig. 43. Hindwing of Blattid Chorisneura nigrifrons, redrawn from Handlirsch, 
1908. 

Fig. 44. Hindwing of Blattid Diaphana fieberi, redrawn from Handlirsch, 1go08. 

Fig. 45. Hindwing of Orthopteron Tettix subulata, redrawn from Handlirsch, 
‘1908. 

Fig. 46. Hindwing of Plecopteron Eusthenia spectabilis. redrawn from Comstock, 
1918. 

Fig. 47. Hindwitg of Homopteron Myndus, redrawn fromy Metcalf, 1913. 

Fig. 48. Hindwing of “an earwig” (Dermapteron) redrawn from Comstock, 1918. 

Fig. 49. Hindwing of Phasmid Neroderus kirbyi, redrawn from Handlirsch, 

1908. 
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Fig. 50. Hindwing of fossil Palaeodictyopteron Lamproptilia grandeuryi, tex 4 


drawn from Handlirsch, 1908. 
Fig. 51. Forewing of Neuropteron Austrosialis ignicollis, redrawn from Tillyard, 
1919. 4 
Fig. 52. Forewing of fossil Mecopteron (?) Belmontia mitchelli, redrawn from 
Tillyard, 1919. 


Fig. 53. Forewing of Neuropteron Protohermes davidi, redrawn from Tillyard, 


1919. 

Fig. 54. Forewing of Lepidopteron Eriocrania seminurpuriile, redrawn from 
Tillyard, 1919. 

Fig. 55. Forewing of fossil Blattid Polyetoblatta calopteryx, redrawn from Hand- 
lirsch, 1908. 

Fig. 56. Forewing of fossil Palaeodictyopteron Fouquea sauvagei, redrawn from 
Handlirsch, 1908. 

Fig. 57. Hindwing of Mecopteron Panorpodes carolinensis, redrawn from Till- 
yard, 1918. 

Fig. 58. Forewing of Homopteron Hotinus, redrawn gon Handlirsch, 1908. 

Fig. 59. Forewing of fossil Blattid Aisoblatta orenburgensis, redrawn from Hand- 
lirsch, 1908. 

Fig. 60. Forewing of fossil Mecopteron Austropsyche superba, redrawn from 
Tillyard, 1919. 

Fig. 61. Forewing of Dipteron Protoplasa fitchii, redrawn from Tillyard, 1919. 

Fig62. ‘Forewing of fossil Odonatan Protagrion audouini, redrawn from Hand- 

lirsch, 1908. 

Fig. 63. Forewing of fossil Protephemerid, Triplosoba pulchella, redrawn from 
Handlirsch, 1920. 

Fig. 64. Forewing of Blattid Diaphana fieberi, redrawn from Handlirsch, 1908, 

Fig. 65. Forewing of Psocid Caecilius, redrawn from Enderlein, 1903. 

Fig. 66. Forewing of Hymenopteron Xyela julii, redrawn from Macgillivray, 
1906. 

Fig. 67. Hindwing of Hymenopteron Neurotoma fasciata, redrawn from Mac- 
gillivray, 1908. 

Fig. 68. Forewing of fossil Homopteron Mesojassus ipsviciensis, redrawn from 
Tillyard, 1920. 

Fig. 69. Forewing of Neuropteron Stenosialis australieneis, redrawn from Till- 
yard, 1919. 

Fig. 70. Hindwing of Coleoptera Philonthus, redrawn from Handlirsch, 1908. 

Fig. 71. Forewing of Homopteron To.roptera graminum, redrawn from Patch, 
1909. 

Fig. 72. Hindwing of Coleopteron Omna stanleyi, redrawn from Handlirsch, 
1908. 

Fig. 73. Hindwing of male Trichopteron Lepocella punctata, redrawn from 
Ulmer, 1907. 


Fig. 74. Hindwing of fossil Strepsipteron Paraxenos eberi, redrawn from Hand- fe 


lirsch. 


Fig. 75. Hindwing of Hemipteron Cyphostelhus tristriatus, redrawn from Hand- 


lirsch, 1908. 
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SOME APPARENTLY UNDESCRIBED NOCTUIDAE (LEPID.) 
BY J. MCDUNNOUGH, 
Entomological Branch, Department of Agriculture, Ottawa. 
Oncocnemis lepipoloides sp. n. 
Head, thorax and primaries gray, lightly sprinkled with black. Primaries 


- with the ordinary lines well-defined, black, single; basal half-line straight from 


costa to cubitus; t. a. line outwardly oblique, dentate with inwardly directed teeth 
below cell and in submedian fold; t. p. line, irregularly dentate, well excurved 
around the cell with a. decided inward angulation in the submedian fold; median 
shade distinct, blackish, strongly oblique below costa, cutting across lower portion 
of reniform, then parallel and close to t. p. line. Orbicular and reniform im- 
prominent, former recumbently oval, outlined only toward base of wing by a 


> dark crescent; reniform moderately large, outlined partially by a fine dark line, 


open at top and bottom; claviform not present. S. t. line represented by a dark 
irregular shade, slightly defined outwardly by a pale line. A broken dark termin- 
al line. Fringes smoky brown, cut by paler. Secondaries smoky white, with a 
broad black-brown terminal band; immediately basad of this band is a fine dark 
line, forming an outward tooth just before inner margin; a dark lunule at end 
of cell with traces of a dark line connecting it with inner margin. Beneath smoky 
gray with well-defined postmedian, curved dark line and small discal dots; traces 
of dark shade along outer margin. Expanse 32 m.m. 


Holotype—1 2, Lethbridge, Alta. (Aug. 24) (H. L. Seamans), No. 512, 


4 in Canadian National Collectton. 


This species is astonishingly like Lepipolys perscripta in maculation, but 
after a careful study I believe it distinct from this species. Structurally the front 
is smooth, whereas in perscripta there is often a well-defined frontal tubercle ; the 
spines around the ovipositor seem also decidedly coarser than in perscripta. With 
regard to the maculation, there is none of the light brown colouring found in per- 
scripta adjacent to the t. a. and t. p. lines, these lines being single; the t. p. line 
is more incurved in the fold and the teeth seem hardly as prominent, the claviform 
is absent, and there is no trace of the arrow marks before the s. t. line, usually 
visible to a certain extent in perscripta. ‘The maculation of the hind wings seems 
also to differ in the clearness of the postmedian line inside the marginal band. 
Finally perscripta, according to the specimens before me, flies in early spring 
(Feb.—April), whilst the present species was captured in August. _ 


Oncocnemis youngi sp. n. 
Head and palpi brown with black sprinkling; tegulae light brown; thorax 


4 purplish gray ; abdomen whitish. Primaries fawn colour washed with light brown 


in median area and purplish gray along outer margin; lines black, single; basal 
half-line straight; t. a. line thick, slightly outcurved; t. p. line oblique outwardly 
from costa to vein 5, then incurved forming a sharp angle on this vein, straight 
from vein 3 to just above inner margin, where it bends slightly inward; orbicular 


» and reniform outlined in black, former small, oval, latter resting with its upper 


and lower extremities on t. p. line; on costa a dark dash between spots indicates 
median shade ; claviform faintly outlined, narrow; beyond t. p. line wing is even- 
ly purple-gray with a slight pale shading on costa ; faint dark broken terminal line; 
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fringes purplish with ochreous basal line. Secondaries whitish, shaded with smoky 
brown in outer third, preceded by traces of post-median line. Beneath, primar- 
ies shiny fawn colour with a straight dark postmedian line crossing upper half of 
wing ; lower half of wing hyaline white; secondaries hyaline white shaded with 
fawn along costa and inner margin; a broken curved postmedian line accentuated 
on the veins and small discal dot. Expanse 38 m.m,> 

Holotype—t @ , Biological station, Departure Bay, B. C. (Aug. 7) (C. H. 
Young), No. 513, in Canadian National Collection. 


Belongs in the chorda-bakeri group; the angle i in the t. p. line seems char- ¥ 


acteristic. 


Oncocnemis columbia sp. n. 


Thorax and primaries deep purple-gray with slight, paler shading on latter 
beyond t. p. line. On primaries ordinary lines single, black, distinct; basal half- 


_ line slightly outcurved, t. a. line thick, especially at costa, well outcurved, with a “| 
black loop representing the claviform attached to its centre; t. p. line sinuate, well ~ 


excurved opposite cell, where it shows very slight angulations on the veins. Or- 
bicular and reniform concolorous, outlined by a black line, along the interior 
edges of which is some slight, whitish shading ; orbicular large, almost round, reni- 


form short and broad, touching the t. p. line with its lower edge; slight traces of 79 
an irregular dark s. t. line; a broken black terminal line; fringes dusky. Second- = 


aries white in basal half, smoky outwardly with small dark discal dot and veins 


outlined in smoky; fringes dark with pale basal line. Beneath, primaries smoky | 


with dark postmedian line on costal half of wing; whitish above inner margin; 


secondaries white with grey shading along costa and inner margin; a curved, dot- = 


ted’ postmedian line and a small discal dot. Expanse 30 m.m. 


Holotype—t 8, Salmon Arm, B. C., (July 17) (W. R. Buckell), No. 514, . 


in Canadian National Collection. 
Belongs in same group as the preceding species. 
Trachea pluraloides sp. n. 

Head and thorax gray with dark sprinkling. Primaries light ochreous 
shaded with gray, especially along costa and outer and inner margins. T. a. and 
t. p. lines obsolete ; orbicular oblique, narrowly oval, white-ringed ; reniform small, 
dark-filled, outlined on inner side by a black line followed outwardly by a white 


line ; claviform a faint, narrow, long loop; some gray shading between veins 2-4. 


in subterminal area; s. t. line distinct, pale, angled below costa with an outward 
bulge between veins 2-5; terminal area gray-shaded with broken terminal dark 
line; fringes dusky with pale basal line. Secondaries whitish with veins and 
some slight terminal shading smoky ; fringes pale. 


Beneath whitish with smoky sprinkling, small discal dots, broken dark © 


terminal line on both wings and checkered fringes on primaries. Expanse 32 m.m: 


Holotype—1@, Lethbridge, Alta. (July 7) (H. L. Seamans), No. 515, 9 


in Canadian National Collection. 


Paratype—t 2 , Lethbridge, Alta. (July 15) (E. H. Strickland), in Cana- a 


dian National Collection. 
The species bears an astonishing superficial resemblance to Euxoa pluralis 


Grt. but differs structurally ; its position in the genus would be next to characta~ 
Grt. 
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=: Euplexia benesimilis sp. n. 
4 In the Entomologists’ Monthly Magazine, 1917, Vol. LIII, p. 157, Mr. 
= W. H. 'T. Tams calls attention to differences both in maculation and genitalic 
Structure between the European species, Euplexia lucipara Linn. and our North 
American species which has been going under the same name. My own studies 
on these species fully corroborate Mr. Tams’ remarks, and as I believe the male 
genitalia to be sufficiently different to warrant the supposition that the North 
American and the European forms are distinct, I propose the above name for 
the North American species, designating a male specimen, No. 516, in the Canad- 
ian National Collection from Ottawa, Ont., as holotype. The excellent plate given 
a with Mr. Tams’ article shows clearly the differences between the two species and 
obviates the necessity for any further description on my part. 
Escaria homogena sp. 
3 Male antennae lengthily ciliate. Head and thorax pale creamy sprinkled . 
with darker scales; abdomen smooth, ochreous. Primaries an admixture of light 
= olivaceous brown, whitish and smoky shades, the latter predominating in the med- 
© dian area beyond the cell and in the terminal area; t. a. line indistinct, irregular, 
» whitish with a small brown loop representing the claviform attached below the 
f cell; orbicular a small but prominent white oval outlined with black; reniform 
= inconspicuous, partially hidden by dark shading, partly outlined in black; be- 
e tween the two spots on costa an oblique dark shade represents the median shade, 
- and below the orbicular is a quadrate whitish area occupying nearly the entire 
width of the median area; t. p. line outlined in white, most distinct in lower por- 
tion of wing, with two prominent teeth below costa and an irregular bulge out- 
wards below cell, the space between reniform and this bulge being filled with 
smoky black shading; s. t. line white, strongly angled below apex of wing, then | 
© close to outer margin with a prominent “W” mark on veins 3 and 4; apex of 
wing shaded with whitish, remainder of terminal area smoky; fringes well check- € 
a ered. Secondaries dull smoky with traces of a paler postmedian band; fringes : at. 
= whitish. Beneath, primaries dull smoky with paler terminal area and strongly at 
checkered fringes; secondaries whitish with large discal lunule and two smoky 
a _areas along terminal margin. Expanse 25 m.m. 


Holotype—t 2 , Lethbridge, Alta. (June 28) (W. Carter), No. 517, in the 3 
Canadian National Collection. 


TWO NEW CANADIAN TABANIDAE (DIPTERA) 
BY J. MCDUNNOUGH, 

_ Entomological Branch, Department of Agriculture, Ottawa. 

At the close of the description of 7. illotus O. S. (1876, Mem. Bost. Soc. 

Nat. Hist. I], 469) the author mentions several specimens from various points 

g in Canada which differ from typical illotus principally in the yellower hair of the 

» face and cheeks, the presence of a denuded subcallus and a browner tinge along 

4 the costa of the wings. In 1921 I captured a series of such specimens in very at 

3 fresh condition in a muskeg at Nordegg, Alberta; I'also have before me a number ar 

3 of similar specimens from various localities in Manitoba, Alberta and Northern 

= Ontario. As the above mentioned points of distinction from illotus seem to be 
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perfectly constant, it seems reasonable to suppose that we are dealing with a 
good species which I describe as follows: 


; Tabanus metabolus sp. n. 

? . Palpi moderately long, slightly swollen at base of second joint, flesh-col- 
oured, with scattered, short black hairs, most numerous toward apex of palpus; . 
face and cheeks gray with pale yellowish hair ; front rather broad, gray, with short 
black hairs, subcallus denuded ; antennae with two basal joints gray with numerous 
black hairs, the third joint moderately excised, basal half red, apical portion 
black. Thorax black with the usual indistinct pale stripes, sparsely clothed with - 
short yellowish hairs. Abdomen black, dorsally somewhat shiny, the posterior 
edges of segments with a fringe of yellowish hairs ; a centrodorsal series of minute 
pale triangular patches, of which that on segment three, is most distinct ; on each 
side a row of oblique, triangular spots of pale orange color, those on segments 
two and three being largest and most distinct; on these same two segments the 
lateral area is more or less tinged with reddish orange (in old and worn specimens 
decidedly red) and the spots appear as pale streaks on a deeper ground. Venter 
whitish pollinose, tinged with reddish on basal segments and with last three seg- 
ments more or less blackish. Legs with femora black, tibiae more or less tinged © 
with deep orange red and with black hairs. Wings hyaline with costa and basal 
area decidedly tinged with brown and with faint brown shading on the cross 
veins. Length 12-14 mm. 

é. Front and cheeks gray with short black hairs; palpi blackish, with 
third joint oval and largely flesh-coloured, with numerous black hairs; other hairs 
long, yellowish ; antennae similar to those of @ except that they are much nar- 
rower. Abdomen black, with segments two and three broadly orange-brown lat- 
erally with paler oblique triangular spots on inner edge of this area; scarcely a 
trace of spots on other segments. Other features same asin 2, Length 13 mm. 

Holotype-—1 2, Nordegg, Alta. (June 15), No. 510, in Canadian National 
Collection. 

Allotype-—1 é , same locality and date, in Canadian National Collection. 

Paratypes—16 Q@’s, Nordegg, Alta. (June 12-19), in Canadian National 
Collection. 

There is considerable variation in the size of the species and also in the 
_ depth of the orange-coloured spots on the abdomen; in several specimens before 
me segments two and three show laterally almost as deep a colour as is found in 
phaenops O. S. Metabolus is one of the earliest species on the wing and at Nor- 
degg was the only one captured in June ; for this reason the reference of the single 
male to the species seems fairly safe. The range is across the entire continent 
- from Labrador to Alaska. 


Tabanus laniferus sp. n. 

?. Palpi moderately long, narrow, not swollen at base, black outwardly, 
reddish on inside, with numerous black hairs; antennae black, third joint only 
slightly excavated; face and cheeks grayish-black with black hairs and a fringe 
of long yellowish hairs around lower margin; front wide, subcallus not denuded, 
with grayish-black pile and longer black hairs. Thorax and abdomen black, shiny, 
with black hairs which are longer and thicker than-is usual in the group, giving 
a distinctly hirsute appearance; laterally on the second abdominal segment is a 
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faint trace of a grayish patch at times tinged with reddish; posterior margin of 
abdominal segments with slight fringe of pale hairs which at times tend to form 
minute triangular patches on centro-dorsal line. Legs and venter black. Wings 


hyaline, the costal cell slightly tinged with brown. Length 13-14 mm. 


é. Similar to @ with following exceptions :—The third joint of the palpus 
is oval, reddish; the fringe of yellowish hair below the face is almost entirely 
replaced by black hair and the general vestiture is thicker and longer. Length 
13 m.m. 

Holotype—t @ , Banff, Alta. (July 24) (N. Sanson), No. 511, in Canadigia 
National Collection. 

Allotype—t1 é , Same locality and collector, in Canadian National Collec- 
tion. 

Paratypes—6 2’s, Banff, Alta. (July 30, Aug. 16) (C. B. Garrett) ; 5 2’s, 
Jasper Park, Alta. (Sept 15) (F. Johansen) ; Hector, B. C. (Aug. 26) (R. H. 
Chapman) ; Mt. Cheam, B.C. (Aug. 15) ; Lillooet, B. C. (Aug. 3) (A. W. Phair) ; 
Lillooet, B. C. (July 24) (R. C. Treherne). 

The species is evidently a mountain inhabitant; it is somewhat similar to 
osburni Hine but can be distinguished by the pilose subcallus, the more hairy 
vestiture and the lack of the lateral rows of triangular spots on the abdomen which 
are more or less clearly defined in osburni. From procyon O. S. it is at once 
separated by the lack of any dark spots on the wings. 


CONCERNING THE FEEDING HABITS OF THE 
PURSLANE SAWFLY LARVA. 
ces BY W. G. GARLICK, 

Vineland Station, Ont. 

In the larya of the purslane sawfly (Schizocerus sabriskici, Ashmead) 
we have an interesting example of an intermediate stage between larvae mining 
within the tissues of leaves and those feeding externally. A typical leaf mining 
larva (amongst the sawflies) is usually whitish in color—that is, with no dis- 


tinctive coloration—and the head and often the thorax is dorso-ventrally flat- | 


tened in order to accommodate the creature to the mine and to bring the mouth- 
parts more or less in front of the head. .A surface feeder on the other hand is 
typically of some characteristic coloration and has the thorax and head round- 


ed, the latter bringing the mouth into a ventral position. The purslane sawfly 


is pale green in colour and the head and thorax are rounded—both character- 
istics pertaining to a surface feeder—but in this case the larva is a miner. The 
presence of these characters is simply explained by the fact that owing to the 
smallness of the purslane leaves a larva cannot obtain sufficient food from a 
single leaf to reach maturity. When a leaf has been completely mined of its 
contents, the larva eats its way to the surface and crawls around on the plant 
till another leaf is found into which a new mine is made, the thickness of the 
leaves making this possible. Larvae have been observed during their migrations 
and a great many came under observation while in the act of forming new. 
mines. They are, when their first mine is in a large leaf, about half grown 
when the first move is made, but it would appear that a single larva may mine 
from two to four leaves. 

Mailed December 30th, 1922. 
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